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(57) Abstract 

PROBLEM TO BE SOLVED: To provide an ink-jet 
recording apparatus equipped with an ink end detector 
which can accurately detect an ink end thereby avoiding 
wasteful use of ink in a cartridge. 

SOLUTION: An ink-jet head 10 has a plurality of nozzles 
4, a discharge chamber 6 communicated with each 
nozzle, and a reservoir 8 communicated with the 
discharge chamber 6. When a pre sy^™ ^ gen**™^ in 
th e discharge chamber 6, ink liquid drops are discharged 
from the nozzles 4. A__diapJiragm- -55 -whidx^can^be 
d eformed in accordance with the pressure in th e chamb er 
i s f orm ed at part o f t he re se r Voi r ^O. A ch a nge oT a- 
reSistarwe value bf"a "semicorialjctor diffusion resistance 
type pressure sensor set at th e diaphragm 55 is detected 
by a detecting circuit 203. When the change of the 
resistance of a predetermined value or larger is 
detected, an ink end-informing means 204 informs a user 
of an ink end. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the ink and the detector which detect the 

residue of the ink supplied to an ink jet head about an ink jet recording apparatus. 

[0002] 

[Description of the Prior Art] The equipment and the approach a pressure sensor detects the ink residue 
in the ink cartridge which supplies ink to a recording head, or an ink tank are indicated by JP,60- 
24954,A, JP,4-77264,A, and JP,4-20353,A. 

[0003] These are ** which form a pressure sensor in the ink supply way in an ink reservoir machine 
from a recording head, are ** which detects an ink residue by detecting reduction in a pressure, detect 
lack of ink directly by this, and prevent an injection halt of ink beforehand. 
[0004] 

[Problem(s) to be Solved by the Invention] Drawing 7 is a graph which shows change of the pressure 
concerning the consumption and the recording head of ink. In addition, among a graph,(a) stores ink in 
an aluminum pack and shows the example to which (b) used form (sponge) for the ink reservoir section 
for the example which actually measured the pressure in the ink jet printer of the type which supplies ink 
to a recording head. 

)005j~In order to prevent that ink hangs down from the nozzle of a recording head, in a-recc 
fixed negative pressure (negative pressure) is usually maintained. If consumption of ink progresses and 
the amount of the ink in a pack decreases, negative pressure will increase rapidly according to increase 
of the osmotic pressure of the ink to the stability of an aluminum pack, and form. (Hereafter, it generates 
in these ink reservoir section side, and the force committed in the direction to which ink is returned from 
a recording head is called back pressure.) 

If an ink droplet is breathed out from a recording head, the ink of the part which ran short by the 
regurgitation will be supplied to a recording head. That is, when the pressure in a recording head 
declines by the regurgitation of an ink droplet, ink flows in in a recording head. When the back pressure 
generated in an ink reservoir section side becomes larger than the negative pressure which the recording 
head itself generates, it becomes impossible to supply ink to a recording head. That is, it reports that the 
ink residue detection equipment indicated by each above-mentioned official report detected the 
magnitude of back pressure, and ink ended it (ink end). 

[0006] However, since these had formed the pressure sensor in the ink supply way which ties a 
recording head and an ink reservoir machine, they were difficult to detect the time of the back pressure 
generated in an ink reservoir section side becoming larger than the negative pressure which the 
recording head itself generates with a sufficient precision. For this reason, if an ink end is detected 
before the back pressure generated in an ink reservoir section side becomes larger than the negative 
pressure which the recording head itself generates, after the ink which can be used has fully remained, it 
will be exchanged in an ink cartridge and ink will become useless. Moreover, if a nink end is detec ted 
after theback pressure generated in an ink reservoir section side becomes larger than the negative 
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pressure which the recording head itself generates, after printing actuation will continue for a while in 
the condition, i.e., the condition of not being printed, that ink is not supplied to a recording head, the 
fault that an ink end is reported arises. 

[0007] Moreover, the ink supply way which ties a recording head and an ink reservoir machine also has 
a possibility of it being formed by the tube made of rubber or resin in many cases, and attaching a 
pressure sensor in such a part requiring between production process superior, and checking the 
miniaturization of equipment. 

[0008] The ink jet recording device of this invention solves an above-mentioned technical problem, 
detects an ink end with a sufficient precision, and offers the ink jet recording device equipped with the 
ink and the detector which can use the ink in a cartridge without futility. 
[0009] 

[Problem(s) to be Solved by the Invention] The independent regurgitation room which the ink jet head 
of this invention opens for free passage to each of two or more nozzles and this nozzle, In the ink jet 
recording device which have the common ink room which is open for free passage in this regurgitation 
room, and said regurgitation interior of a room is made to generate a pressure, and carries out the 
regurgitation of the liquid ink drop from said nozzle It is characterized by having the ink and the 
detection means of detecting the resistance value change of the resistor which was formed in said a part 
of common ink room and which was formed in deformable diaphram and said diaphram according to the 
indoor pressure, and said resistor produced according to deformation of said diaphram. 
[0010] since according to this configuration the resistance value change produce according to 
deformation of the configuration of the diaphram formed in the common ink room established in the 
location nearest to a regurgitation room ( nozzle ) among the ink supply way be detect and an ink end be 
detect , it be possible to dete ct the time of the back pressure generate in an ink reservoir section s ide 
become larger than the negative pressure which the recording head itself generate with a sufficient 
precisions 

[001 1] As a pressure generating means for applying a pressure to a regurgitation room, in order to carry 
out the regurgitation of the ink droplet The electrostatic actuator which has the electrode which has a 
predetermined opening and counters to the diaphragm formed in a part of wall surface of a regurgitation 
room is prepared. The method which makes said diaphragm transform and makes an ink droplet breathe 

out according to the electrostatic force acquired by impressing a pulse voltage to this electrostatic 

actuator, and the diaphragm formed in a part of wall surface of a regurgitation room, By impressing an 
electric pulse to the method which makes said diaphragm transform and makes an ink droplet breathe 
out by impressing an electric pulse to the piezoelectric device which fixed to this diaphragm, and the 
heater element prepared in the interior of a regurgitation room The method which makes a liquid ink 
drop breathe out from said nozzle according to the carburetion pressure force generated in the 
regurgitation interior of a room can be used. 
/ [0012] The method which detects the resistance value change produced in connection with deformation 
/ of the diaphram mentioned above is employable as the recording head of each regurgitation method 

mentioned above. If a production process is carried out from a viewpoint made easy, as for the sensor 
1 used for ink and detection, it is desirable to use what has structure and the quality of the material 
\ equivalent to the actuator used for the regurgitation. If it says from such a viewpoint, the ink and the 
\ sensor of a resistance detection mold are suitable for the recording head which makes an ink droplet 
* breathe out using the resistor which functions as a heater element. 

[0013] About the quality of the material of diaphram, since uniform diaphram can be made using 
r anisotropic etching, it is desirable to form a common ink room on a silicon substrate, and to form the 
f diaphram made from silicon in a base. Furthermore, if silicon is used for diaphram, it is possible to use a 
semi-conductor diffu sed-resistor mold pressure sen sor. It is possible for this to form a sensor part in 
sm&ll more. Moreover, it is possible to manufacture easily the recording head which built in the high ink 
and the high sensor of precision. 

[0014] The presswork which the ink jet control approach of this invention makes the regurgitation 
interior of a room generate a pressure about the control approach of the recording device equipped with 
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the ink jet head mentioned above, and carries out the regurgitation of the liquid ink drop from said 
nozzle, When the resistance value change more than the specified quantity is detected at this ink and a 
detection process including the ink and the detection process of detecting the resistance value change of 
the resistor produced according to change of the configuration of diaphram, it is characterized by 
performing ink and processing. Ink and detection may be performed before and after presswork, and you 
may carry out for at any time [ every ], for example, every line and the regurgitation, during presswork. 
[0015] Moreover, in addition to the presswork which carries out the regurgitation of the liquid ink drop 
to an above-mentioned ink jet recording apparatus further about the ink jet recording apparatus equipped 
with a recovery means to attract ink from a nozzle, a recovery means will perform suitably the recovery 
process which discharges ink from a nozzle, but it is desirable to perform the ink and the detection 
process of detecting change of the configuration of said diaphram before a recovery process or to the 
back in this case. Since the negative pressure in recovery in process and a recording head increases, this 
is because an ink end is correctly undetectable. 
[0016] 

[Embodiment of the Invention] It explains using the example which applied 1 operation gestalt of this 
invention to the recording head which makes an ink droplet breathe out using a heater element hereafter. 

[0017] Drawing 1 is the decomposition perspective view of the ink jet head of this operation gestalt, and 
the sectional view has shown it in part. The face ejection type which makes a liquid ink drop breathe out 
from the nozzle hole which prepared the liquid ink drop in the edge of a substrate, or the nozzle hole 
prepared in the top-face section of a substrate although the example of the edge ejection type made to 
breathe out is shown is sufficient as this operation gestalt. 

[0018] The ink jet head 10 of this operation gestalt has a laminated structure which joined in piles three 
substrates 1, 2, and 3 with the structure explained in full detail next. 

[0019] So that the 1st middle substrate 1 (passage substrate) may be a silicon substrate and two or more 
nozzle holes 4 may be constituted Two or more nozzle slots 1 1 formed at equal intervals in parallel with 
the front face of a substrate 1 than an end, The pore 12 which will be open for free passage into each 
nozzle slot 11, and will constitute the regurgitation room 6 which is a pressure-producing part, The rill 
13 for the ink input which will constitute the orifice 7 prepared in the posterior part of a pore 12, It has 
the filter slot 52 which will constitute the filter 51 prepared in the crevice 14 which will constitute the 
reservoir (common ink room) 8 which is an ink feed zone in order to supply ink to each regurgitation 
room 6, and the posterior part of a crevice 14. The diaphram 55 which becomes a part of ink and 
detecting element is formed in the bottom wall of a crevice 14. In addition, although mentioned later for 
details, lead section 22c which connects the pressure sensor 54 which consists of two or more resistors 
arranged in the shape of a Wheatstone bridge, and this pressure sensor 54 and input/output terminal 23b 
on a substrate 3 is formed in the front face (lower field) of diaphram 55. 

[0020] HOU silicic acid system glass is used for the 2nd lower substrate (heater substrate) 2 joined to 
the inferior surface of tongue of the 1st substrate 1, and when it joins, the heater 21 is arranged in the 
location which is in agreement with each pore 12 of the 1st substrate 1 seriate. Each heater 21 is 
connected to terminal area 23a by lead section 22a. The regurgitation room 6 which equipped the bottom 
wall with the heater is formed by joining the 1st substrate 1 to the inferior surface of tongue of this 2nd 
substrate 2, and joining the 3rd substrate to a top face. 

[0021] Although s pace is formed so that diaphram ca n deform into thf> Hiaphram ^ bottom according to 
the pressure in a reservoir when a substrate 1 and a substrate 2 are joine d, the crevice 16 for formi ng the 
sp acelsTormed on the substrate 2. Moreover, the pressure sensor 54 which connected lead section 1 2c 
prepared in the inferior surface of tongue of a substrate 1 to lead section 22b prepared on the substrate 2, 
and was formed in diaphram of junction of substrates 1 and 2 is connected to terminal area 23b. 
[0022] Boro-silicated glass is used for the 3rd upper substrate 3 joined to the top face of the 1st substrate 
1 as well as the 2nd substrate 2. The ink passage of the nozzle hole 4, the regurgitation room 6, an 
orifice 7, a reservoir 8, and filter 51 grade is constituted by junction of this 3rd substrate 3. 
[0023] In this operation gestalt, it is an ink feed hopper, and gets down to coincidence, a connection pipe 
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(un-illustrating) is connected, and the filter 51 is connected to the ink tank 301 ( drawing 3 ) through the 
tube 306. 

[0024] Anode plate junction of the 1st substrate 1 and 2nd substrate 2 is carried out by impression of the 
temperature of 300-500 degrees C, and electrical potential differences 500-1000V, and the 1st substrate 
1 and 3rd substrate 3 are joined on these conditions, and an ink jet head is assembled. 
[0025] Drawing 2 (a) is a top view explaining the principal part of the pressure sensor 54 shown in 
drawing 1 . Drawing 2 (b) is the sectional view of the resistance section of a pressure sensor 54. 
[0026] A sign 61 is a P type diffusion layer, and by carrying out thermal diffusion of the boron into 
silicon, Resistors (strain gage component) 61a, 61b, 61c, and 61d are formed in four places of diaphram 
55, as shown in drawing 2 (a). Components 61a-61d remove the silicon oxide film 62 alternatively by 
photo etching, it forms by carrying out thermal diffusion of the boron, and pattern formation of the lead 
section 63 is carried out with conductive ingredients, such as gold and platinum, from on the. 
[0027] When diaphram 55 deforms and has not twisted and carried out, the resistance of each [ these ] 
resistance section is formed so that it may become equal. That is, since, as for the impurity diffusion 
resistor formed in silicon, specific resistance changes with crystal orientation, each strain gage 
component 61 a-d is formed along with the same crystal orientation. 

[0028] Drawing 3 is the representative circuit schematic of the pressure sensor shown in drawing 2 . 
When diaphram 55 deforms by the pressure variation in a reservoir, the gage components 61a and 61b 
which the strain gage component also deformed and have been arranged especially along the direction of 
a long side of diaphram 55 deform greatly compared with the gage components 61c and 6 Id, and the 
rate of a resistance value change also has them. [ large ] It detects in the Wheatstone bridge which shows 
this difference to drawing 3 . That is, the pressure variation in a reservoir is detepted by applying a fixed 
electrical potential difference to an input terminal, and detecting change of the output voltage by 
resistance change of the gage component produced according to deformation of diaphram 55. 
[0029] Drawing 4 is the schematic diagram showing 1 operation gestalt of the ink jet recording device of 
this invention which carried the above-mentioned ink jet head unit. The platen to which 300 conveys the 
recording paper 105, and 301 are ink tanks which store ink in the interior, and supply ink to the ink jet 
head 10 through the ink supply tube 306. 302 is carriage and moves the ink jet head 10 in the 
conveyance direction of the recording paper 105, and the direction which goes direct. The alphabetic 
character and image of arbitration can be printed on the recording paper 105 by making ink 104 breathe 
out from the ink jet head 10 timely by the drive circuit 40, moving carriage 302. 
[0030] A sign 303 is a pump, recovery action at the time of the poor ink regurgitation of the ink jet head 
10 was performed, or, in performing a put substitute of ink etc., attracted ink through the cap 304 and 
the waste ink recovery tube 308, and has achieved the function collected to ** ink ** 305. 
[0031] In addition, although this operation gestalt shows what arranged only the ink jet head 10 in 
carriage 302, it is limited to this and there is nothing, and an ink tank may be arranged on carriage and 
may apply an ink tank to the so-called disposable type (type exchanged the whole ink jet head when the 
ink of an ink tank becomes empty) constituted in a head and one. 

[0032] Drawing 5 is the functional block diagram showing the operation gestalt of this invention. The 
drive circuit for a sign 201 impressing an electric pulse to a heater 21, producing rapid pressure 
fluctuation in the regurgitation room 6, and making an ink droplet breathe out from a nozzle 4 and a sign 

203 are the detectors for detecting the resistance value change of the distortion sensor formed in 
diaphram 55. Moreover, a sign 202 is an arithmetic circuit (CPU) which controls a printer, and a sign 

204 is the ink and the information means for warning a user of that, when an ink end is detected. This 
information means 204 makes LED turn on, or generates a beep sound, and reports an ink end to a user. 
Moreover, when an ink end is detected, you may constitute so that a non-illustrated host may be 
notified. 

[0033] The print data sent by the non-illustrated host and a command are processed by CPU202, and the 
drive circuit 201 is controlled. An electric pulse is alternatively impressed to a heater 21 by this, and an 
image is recorded on the recording paper. If a detector 203 detects change of the pressure in a reservoir 8 
suitably and change of the pressure exceeding a predetermined value is detected by the detector 203, an 
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ink end will be reported to a user by ink and the information means 204 through CPU202. 
[0034] If consumption of ink progresses and the amount of the ink in a pack decreases as shown in 
drawing 7 , negative pressure (back pressure) will increase rapidly according to increase of the osmotic 
pressure of the ink to the stability of an aluminum pack, or form. In connection with this, diaphram 55 
bends up (the direction of an arrow head). The resistance of a strain gage component prepared in 
diaphram 55 changes with these bending. This resistance value change is detected by the detector 203. 
[0035] Drawing 6 is a flow chart explaining 1 operation gestalt of the ink of this invention, and the 
detection approach. If an ink jet recording device is turned on, initialization will be performed at step SI 
and initialization of each device, the clearance of memory, etc. will be performed. Recovery of an ink jet 
head is performed at step S2 after that. The ink in which viscosity rose through the cap 304 by this 
recovery is attracted and eliminated with a pump 303 from an ink jet head. 

[0036] Next, ink and detection processing are made at step S3. That is, the resistance value change of 
the strain gage component prepared in diaphram 55 is detected. When the condition that the resistance 
value change beyond a predetermined value, i.e., the back pressure in a reservoir, went up rapidly, and it 
became impossible for ink (X part of drawing 7 ) to supply a head is detected, it is judged as an ink end, 
and progresses to step S4, an ink end is displayed, and exchange of an ink cartridge is demanded from a 
user. 

[0037] When an ink end is not detected, it progresses to step S5, and the time check of non-regurgitation 
time amount is started. Then, if there are waiting and a printing command about the printing command 
from a non-illustrated host at step S6, it will progress to step S7. At step S7, when it is judged whether 
the elapsed time of a non-discharge condition exceeded predetermined time and it is over predetermined 
time, it progresses to step S8 and step S9, and recovery, ink, and detection processing are performed 
again. If a standby condition continues for a long time, since the viscosity of the ink in an ink jet head 
rises, an ink droplet will happen to being breathed out and fault will happen to printing in **, this is 
performed in order to prevent such fault. 

[0038] When the elapsed time of a non-discharge condition is not over predetermined time at step S7, it 
progresses to step SI 1, printing processing is performed, and an image, alphabetic data, etc. are printed 
in the record paper. Moreover, also when an ink end is not detected by step S9, it progresses to step SI 1 
and printing processing is performed. 

[0039] After printing processing is completed, an ink end is again judged at step SI 2, if an ink end is 
detected, it will progress to step SI 3 and an ink end will be displayed. When an ink end is not detected, 
it progresses to step SI 4, a time check is reset, the time check of non-regurgitation time amount is 
started again, and it will be in a standby condition, and will wait for a printing command (step S6). 
[0040] With this operation gestalt, although printing processing, the ink, and the detection process S12 
of step SI 1 are performed succeedingly, they may perform ink and detection for every 1 dot and printing 
processing for one line. Moreover, although he is trying to detect an ink end after printing processing 
and recovery with this operation gestalt, you may make it detect an ink end before printing processing 
and recovery. 

[0041] In order that a pressure may occur in the regurgitation interior of a room just behind the 
regurgitation besides the back pressure generated in the ink reservoir section side shown in drawing 7 
and this pressure may spread in a reservoir 8, a possibility that magnitude of the back pressure generated 
in a cartridge side cannot be measured correctly is during presswork. For this reason, it is more desirable 
to detect an ink end before and after presswork, as this operation gestalt showed. 
[0042] Moreover, since the negative pressure in a recording head increases and an ink end is correctly 
undetectable the inside of a recovery process, it is desirable like an operation gestalt to detect change of 
the configuration of said diaphram before a recovery process or to the back. 

[0043] moreover, as a pressure generating means for applying a pressure to a regurgitation room with 
this operation gestalt, in order to carry out the regurgitation of the ink droplet Although the ink jet head 
which adopted the method which makes a liquid ink drop breathe out from said nozzle according to the 
carburetion pressure force generated in the regurgitation interior of a room by impressing an electric 
pulse to the heater element prepared in the interior of a regurgitation room was explained This invention 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



10/14/05 



JP,11-129472,A PETAILED DESCRIPTION] 



Page 6 of 6 



is not what is limited to this. The ink and the detector of this invention The electrostatic actuator which 
has the electrode which has a predetermined opening and counters to the diaphragm formed in a part of 
wall surface of a regurgitation room is prepared. The method which makes said diaphragm transform 
and makes an ink droplet breathe out according to the electrostatic force acquired by impressing a pulse 
voltage to this electrostatic actuator, and the diaphragm formed in a part of wall surface of a 
regurgitation room, It is employable as the method which makes said diaphragm transform and makes an 
ink droplet breathe out by impressing an electric pulse to the piezoelectric device which fixed to this 
diaphragm. 
[0044] 

[Effect of the Invention] As stated above, according to this invention, an ink end can be detected with a 
sufficient precision, and the ink jet recording device equipped with the ink and the detector which can 
use the ink in a cartridge without futility can be offered. Moreover, after the ink which can be used has 
fully remained by this, and printing actuation continues for a while in the condition of not being printed, 
without being exchanged in an ink cartridge, the effectiveness that the fault that an ink end is reported 
does not arise is done so. 



[Translation done.] 
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